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»ibT#lf >/M»S03j?-j^iJ y H7K (BGA) :/;*dr— ;Wt 

(csP) TM$n5fe©M$n?)i;5[:ft:-3T^S 0 T<^n 

#H2 0 0 2-3 6 8 1 8 3 ^&«fc:BBtt£nTtr>£«fc 5 \Z, *S«SI^«ofc 

Isfrlstetifib* WM2 001-28833 3 #&ffite|B«SftT^ 

#IB¥7 - 2 2 7 2 2^\Zt&m%nT^Z>%<Dfe. *£ttlB&'ftO&«> 

£<ofc> 2002-36818 3 ^«fclB«i$nT^ ZhOfo, ftffit 
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mtz a iz&wz mmvk<D{&T £^o mm&*k c & . 
^m(DBm\±. £.mm*fa±v. ^m<t^mx$>^> ££h\z. mm&o&i 

\ i \z^r)m^nrc^a.-)imm\z^Xs (a) MiBn^^^cD^t©^ 

lhU (B) a&ffi&«{btt#IBtt, «<b«r®^IB^4 OtKT©lSl:*^T@l^ 

zizfoVTmkT%&t>\zMmt£nT^z><b<D~v&2>o frfr&mmz&v, *km 

?£, n^uffa^mm^nrcm^mmt^mv. mmn*?#£mmmu£&& 
S'j-Hiciog^nfct^a-j^ifcfeiiT, (a) mm^*??<Dmut 

t@^t^d> (o ttia«™fl«»jh*r«si!Wfttt#jB©*s*t, stria*™ 
&<omis\zjfcVTmk?z>&5izMmisn* (d) ttrtBn^^^^ s&iam^a 
• ^M±ir^m$mm<mmm\zMvxmM^rc.\mnr^m\zmm^n^^z)i l z 
Lfcib<Dx$>%>o frfr&mmz&r). fejg'i4^±b, 'hmfctf-5smx&z>££ 
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&B©«i££fcfete:feV>T* ^JE*^5~7 0 kg/ cm 2 , ^fi«*tl 5 0- 

>^*8K:«J:0, tZfc\'ZfSm&tlifi2 0~ 1 0 0 k g/cm 2 , ^fTOU 5 0 
-18 Ot;©tefflK:&SttffljjfcJB»teJ;tK BMbiM©EaBtf*4 O'CEn^fflgfte 

& v^th^t^ § mmmmk&mm&m ^x. mm^* & & ost £ (omtmm 

*■©££, MIBm^Sa^^Jhf *«Wfl2tt#ltO»S*«, tGIBm^ffi©H5$ 

EliA-EliEte, *^©»i©^J6^ISfc:«kS ; e^3.--;vSBojKjfi^ 
£^r:rfSEIT&3 0 
El 2 A~m 2 Gtt, «§^©ffl 2 ©*a6»||^ J;*^^a.-;i/«fi©»Jfi^ 

@3A~@3F(t *»9!©»3©3ta6»JI8fc«k* i E^aL— ;KKB©»jfi^» 

£^cTH§ej-c&£o 

£^-TX@ElT&£. 
El 5 A-EI5 FfcJu *5SW©»5©3j|JII»16fc«k* ; ei?a.— ;i/fiB©«afc&te 

El 6 A~EI 6 Hfciu #^©£1 6 ©SfcJSJ&lRfcJ;**^ :x-;i^M©aSit#$£ 

El 7 A-E17 Ftt, *58^©^7©^Jfi^«8lC«fc*^£^3.~;Vgfi©agjS^ 
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m 8 A~m 8 f *&w<om 8 (ommmmiz^^^^-^mmomm^m 

tiWRffgfcl 5 p pm/ /< C(D#»'|4^Wr§ 10 0X7 OmmO^t$0t)©7f* 
-2 4 0tOU7n-^rtfci*l/T, ^fc'^tS. 

7 7 ; E-Jl/FitES^nfcl 6 5TC©^Sl8fite:»X«, J»l»3R«fi!cl 5 pp 
m/«C, 3M«1 3GPa, ^77KfMl 5 5tO®ft!H«ft§ttl>M 
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m i e ic^t jt -5 fc, mm9\z^-Dxm±^nrc^j=L-)^±ms 
^m.^(D^m^imm(DJL^^mm^umxmmzx^^>-fttb, m 

& o , L/5&^afa&itihJB<o»$ Srm^aoss^ niSDT^s ttt«koTS 
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-4 0^-1 3 OTC0i«^^^T2O 0 OiM # 8 5^.8 5% 

©i«»Kfittlfcfc*ViT2 0 0 OI$WfiU:T'b, JE^taWj^^'f b<D-c$>% a 

3) m§znTU&*m±'t %>i&mk®i®m<pmt£&, n^m&onzizmvT 

' *>mht£M±fflm-C&V, fiJtftti3>hn-;n-y h ©teste* IWfcfltffc 
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<DSt& (18 3WU) 8 orOT/W^bV^^-W&o Pb 

->u^, ^t;v^->^A, ^a>^-rb^-fH, i/'j3>t^h7 

xjPM§ft5x#^i/fE ^^^n^>^^x>ffe^ff5X5j?^^ 
Hi, 7-7^i/>M§lft§x7}?+^fi ) ^fe«tfx^3iy-;i/AMx^^-> 

mB1&&®; ; 8 ~ 2 5 p pm/t, 
#f« ; 8 ~ 3 0 G P a , 
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jJJTtie&mSL ', 8 0-2 0 Ot, 

ens n=m&. m&mm, mm&mtiL<Dmw& ftmz&zm 

ikfim&v^-bK mMm<D&MMM&&mi%T&frmzm-&m*8~3 o gp a 
&m<D&mmm&^i?^-)i<Dmm&(Dm&ftt> s o~2 o o'C/Wit-e&s. 

t&^-y h<DK^^mmm^mzm^\z^^mt!(Di&m\zMVT^ts.m^ 

u^y u*>>7)mfc<D^tuzT5:~3vz> z\ t-vmtsoi&m^m^ z\ t^T^s^, 
mm±\zmmr%?*? z$m j $>&mn^ffl& c/s yji^nmny^ 

mmm±m<Dmi£&m^fflF 0 <Dmz\z}foCT^%z\tiz&^TKK> 
j pmii*4&m'?z>o z\<DM±mm<z>mz tbxd ^m^^mm^ o . 

5 mm- 6. 0 mm(D^;WiST&£o 0. 5mm»l«ttii©)$f 

ana t ^ em, £ n& < & & , 

*ttet?xvw^ f hVTzsymmiztf7xmm^fcMyj7*m&vt£Ltc.M 

ViTn^^ffl^?>e:<h^T#^. mz, ^mmx^jLy-yynmrM^-yjLy-y 
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1 5 0T^±T&3£<h^M£UV> ! b©T&£. t£5fe©F R- 4 <tn¥fc£ 
frlWStf^X&SMSaU 20~13 OXXD&mrWt* n>hn— Jkx-y h 

©M^tnouufc^^t, mucom^^ (z^) (Dmmmm&tf 

\Zfa±.~?Z> 0 

^&&m±T%mmk&mmmiznvTm&\zmm~rz> z. tf)mmx&z> 0 * 
tc, mt?&mMT&MxwmTz>&o\z. u*9 9<Dmw&> 

*mm\z&tf%u*??tn^&(D—fo*-)i}zMm<Dj&mz. iimmtiifi 

5~70kg/cm 2 , 5 0-18 0 < C(D^ffltC^V>T^g;JE h 9 >X 

fefrtt, ^©3S*fcJ;0»ll&^ih^^#ft:S«<Z>^^ (17 0-18 0*C, 
7 0~1 0 0 k g/cm 2 ) tJt^T, fiJBEj&OjftMT?** C t^fT*5. T 
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!&&mzzi*f;#<D& : m&m±'$'%>fZtb\z7 0 kg/cmTOtBESic 
WSTfeStt, £fc^^gB,&£IIII&Sm<h0&^S n/P b&H&A, 
fcTfrfctlS^lcteu Sn/PbWIkMl 8 3ra5fc^ Z\(DM.m 

\Z, M^5kg/cm 2 *WII^W 

mimmm^m^rzHmmmmiz^^mm^mm^mmr^z\th^mx$>?> 0 

uO^O^frtbTtt, ^EM2 0~10 0kg/cm 2 , J&J&M&ifi 
1 5 0~1 8 0X:<Dmm\Z%>Z> o WlZ, ^JE*tt^3fe©ltm^JBE*T**IS: 
^ic=Pkg/'cm 2 cJ:D ! b/h$<-r^)^^§o MHJ^f^fi. ^!®3>h 

s^£> s e> jcwitit jt « © $ & m^ssa ©its $ kus £x^s d tcioT 
^mmj&MttmuMmx*&?£<Dmmmz%feti2>fctb. =L- y hvm&mm. 
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^ZM&tlt^T, &fc. h«£«Wif)S 

k la & n £ # & o 

#t-> EI2A~2G£/B^T, 2 O^JfiJgJfefc.kS^^a.— 

te, gift*:, &Htfl, lliffla>ho-ji.a-7 hibT^^ftSfcare&O, 

0 2A~2Gft *^B^(D^2^«^lCJ:^ ; &vaL-;^«©i{jt^^ 

EUA^T^?^ ^gtSlnOt, WIMl5ppm/tCD 
fttt^ft^ 9 0 X 7 0mm©4IWSSl A©>tM±{CS n/P b*fttt>u 

^i-> S 2 B(3^-r=fc-5^, EliSSttilAfc, J-yJW&m, ±7S.y#nZ/ 

T^-JH'iCEt^nfcl 6 5*C©^:ai8rtk:ifX«, iKlfliftl 2 ppm 
/■C, 3M£#2 0GP a, #7*<B£fi£l 2 5 Xl<DW.ttMm&.tt°t 
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;wrL-^ h©titt^- 5 5t:~i 5 oxzomwmumz&^T i 2 0 o-tM-^ 
;na±, 8 5*c 8 5 xomwmmumz^x 2 0 0 o^r^±-efe, iE3t&®j 

#i\z, m3&m^x, ^w<Dmzomfcmm\z&%^^-)vmm(Dm$L& 

03a~3f^ *%w<D^z<Dmmm\z&%^j^-)vmw<Dm^fe?t 

B13 A\Zm-?&?\Z, ^7XfefiSSl7 0t, illlltl5ppm/t© 
10 0X7 OmmCDAmmm&WLl A<Z))t®±fcS n/Ag/Cu 
^teA/£M-X bit 2 

i3B£^at, iilSlAIC, ^^^irL#:, ±^^y^7U> 
"ry^rUEcD^y ^ n n n 3 A^TJl^ n > <r E<D^y ^fp 3 B <h> T-f 
^Dn>Ha-^BGA/1y^l l^SWj^M^T^m^ 1J&S2 4 0 
-2 5 0°C(DU7D-^|*ifcjligUT«^c^^tTe»c 

•£ib\Z. mSC\Zm-r^O\Z, tf>^fA^*^^5^WS«l A(D7JV- 

6 A(D^U- H 7 A£#JM$U ACD7Jl/-7}s-;Mcif At§, 
<k\Z* EI3Dfc^-rJ:-5fc, n^^6A(DS»U-F7A£> S1S1A<D« 
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mz, ei 3 E^T=fc5^ m3D<Djim^mm.^nrc^=L—)i^h^>7, 

yT=E-)l\*m\zmW:-$ntcl 7 5t0M8 A|*jfcl|fA^ itW^SItl 5p 
Pm/t, 13GPa, ^^Xfe^M^ 1 5 5 'CO^btltHt&^r-r^^ 

9 om^m^^froo 

bg at mt/vn^-jmm^(D^ ) i ^^m^±\z^i^^z.t^^^ 0 

titm&vh, /hit, ^^t-r^^t^T^^o #6nfe3>hn- 
h©m^tt^-5 5 t c~i 5 ox;<Dmwmumz3o^T 1 2 0 0+m^ 

;i/£U^ 8 5<C8 5%©i^Mi«M^(C^ViT2 0 0 0 Bm^-hl? jE^Wj 
K\Z. IH4A~4F£ffi^T, *mW<Dm4(DmMMM\Z&2>*:i?x.-)imW 

<DMm&&zs^<Dmmxmz~D^TWiw-?2> 0 ^mmmmjz^^j^-)imm 

m 4 A~ 4 F it, *$£W<Dm 4 ©llJg^tlJCd;^^:^^-;!/^©^^^ 

Ei4Afc^-r e fc5fc, fi7xm&M.m_2 3 or;, «3i«ci 2 P pm/t® 

tH4£Wf 3 10 0X7 OmmC^'J-fS 7 5 At mtfll C u I5H/B 3 5 

umm^o)2myu^rzyyjimm.mmmw.i b©m-m±^s n/Pb&nteA,fc 
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fi^t'Of 7^ 3 A^7J^ H >T>^if©^7^p D p 3 B t> T-r^D 
3>t?a-^BGA;Vy^r-^10t, CSP 1 3^SSifti(CTfm £ 
«£*iti2&^2 1 0~2 4 0 < C<Z)U7D-^|*3t5i3§bT^fc^^ffe» o 

EgH C\Z^T£0\Z, M D D p^^bfc7 l/*J/7>St 1 B U 

Pm/t, #f»2 0 GP a, •%y7s1fc&M.mi 2 5 < C(7)®^tltt : &*i-^^ 

- y h « y v * *s 7)mw.fr Btzz> &mn^ffi& <d mmm ±m t kmm \z n 

&V>T1 2 0 OIM^VEU^ 8 5X^8 5%©iM^fii»fcl:fc^T2 0 0 0 B# 
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^TlflElT&£„ mi, El2<h|S|— «F#», ^-«»*wbT^5. 

BI5 Afcw*r«k3te, ^XtetlSno-C, 5 p pm/*C0 

^tt^WTSl 0 0 X 7 0 mm© 4 1«1S 1 A0)tl±(: S n / A g / C u 

^□□>lfa-^BGA^7^^1 1 /1«7— >?1 6^gSb 

8?««fc:Tigf^ i^M^2 4 0~2 5 O'CODU ^rtfcjSjfibT^^j* 

-^-JHCjfAbT, If 1 A©m®S:7n-¥fflteT#B&g;R£0&^&^T 

H 5 D tCw*T<k 5 fc, ff£ 2mra©ftl«Cutl 7 fett^J&fflViT, 

6 S»«Ufe«^0D3£S8 1 AOil[Ttili!iD#tt5. - 
£Tte> titO^ItLTH 7;^-^A^glN ifeotbfcjl^JgS 

1215 Ete^*TJ:5te, 0 5D©XSTMit$nfea.-y h%h?>X7 
Tt-^HifcSlSn&l 7 S'CO&gJSfifclfA^ «3I^ffcl 5ppm 
/*C, 3GPa, ^^X^M^l 5 StOWtftftt^ttSMT 

HJ^(DX^^«fIg^^9SfflViT, «H^3 0 kg/cm ! »T9 0 
^WT?^*ff'5. M8©W1 BGA/1>^-^lltA7~f 

S{SgCD^$<hIwID^bTVi<5^, m3\Z5xlsfr<ko\Z, B G AA°y $r— -J 1 1 
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#>atiH^i» > s&rar;^:*-, ->U3>t-f h^-r h, #o>^h 

•C-l 5 Ot>©&«WftK::feV>Tl 2 0 0tM#;W$Ui, 8 5t8 5%<DiM. 
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m 5 A\z5jkLfc<k?\Z, ^77^Mgl7 0t, !§3litl5ppmA 
©flfcteS^rTS 10 0X7 Omm<£>4Jf#J3^£l A(Dtt-®_LfcS n/Ag/C 

l<h, /W-^f^^-y 1 6§§ifill:Tlti, i^MJt2 40~2 

fr-*-)l\zm AIT, Itl A©iffi§7a-^fflHTf 1 A 

®6B, C\Zm-T^^\Z. H$Hlmm©gIS nfeofLfcCu^U 

'fe^*^I<£fflViT, #fl^1gl AOIt-RcJtfiDttttSo ®6Bte:$rM 
•9^ftibTf5tT^<, ^ffl1£<h'bTfc&fflT&fcg>> EI6C^^-T 
g Ij^x > 5? * tex > >± fc^JfT £ J?) D #W a* £ b TJ1 V> 

T^E~;i/H^fc@Bg$nfe 1 7 S'C^&MSftfcJfA^ tt&SBfiM&l 5ppm 
/°C, 3SM!»1 3 GP a, tf^Xfe^Mm 5 5 , C©i!'fbt/t)tt=&^t-^^?aT 
@0<DX#^->#J3^^TO9SfflV^T, /»ffi*3 0 kg/cm 2 £:!3V>T9 0 

F fc^T<k -5 \Z, U-H71/-A18 <£>5k#&gB# (El 6 E fc^ffe*^^* 

*»T DffitfJPX^frdo 12 6 Gte$r®EIT*&D, El 6 HteHI 6 G<Z)£#JraTr&&o 
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f£&, *mm&m\z&^Tte, &t>frvtbmm&&mv~-F7u-&\z%tiK)tt 

z>jjm&mmTz>z\t&7:%z> a &sfrc&:Mtttt^#£MJ$>^b 
rz&v&Mtzm^T, mm^-jvpmizz.oi&MtZ&mwzmmw:. msx^v 
tai&&M&mmvtc3-~ yhtt% izmmizj&M'tz>jjfe*mm-$r z> z. t 

^(DkoizMfo-t zztiz^v, *mmi&m\z£z>n>bu~- )v=l-^ Hi> 
^cfcDfe^ ^mx\ fr-Dmmt'rzz.L&T'gZo n*>ntzn>hu— 

5 5°C-1 5 0t:©S»*^^*5ViTl 2 0 0 +K ^ )VM±, 8 5X18 5%<D 
MSS^^*5ViT2 0 0 0B#PTO±Tfe> JElgfeWjft&TF? ii^O^&tXt^ 

MZ, M7 A~7 F^fflViT, *^©I7 ©»Ij:,k§t^a-jViI 

^tig^T^^, 7^*3, mi, Ei2 tm— m—f&ftttVT^z. 

©teJtt&WTSl 0 0 X 7 0mm©4Ji«*J|&SiRl AcDjffiSJtfc'S n/Ag/C 

CSP 1 3&a»#««teT«<im, ifi5M^2 4 0-2 5 0t©'j7D-jp^l: 
)k\Z, mi &\ZtkT&o\Zs n^^6©S?'J-H7^fMIl A£>7Jl/ 
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*^lflTtt> HI 7 B^7DlCte±tTSbfci;5[:, HI7A^b 
feBGAl ISfcteCSP 1 3£^i$bfc«ffi©fiT©:/U>hS1£l A©2&# 
id, 0 0 /im©Cufeottm- ;H 9 ^J^T^o 

r^E-Jl/Fli^SBa^nfcl 7 St^^S^^A^ ttflg&flM&l 5ppm 
/r, WUGPa, ^7X^MSl 5 5t©i«tt^lft5MT* 
@f ©X^^S/f ^9 SffiV^T, /&TO7J3 0kg/cm 2 C^T9 0 

otl^fcfe, 12 7 E^H7 FiC^-TJ;-5^, fi©ll«BGAl ISfdSC 
S P 1 3 ©«^fc^-;^^:«^^ : ^^ e)S ^ (DX;l/ -^_; l/1 9 £5§^TV> 

< = ^(Dtz®, B G A 1 1 £fcteC S P 1 3 &mMWi<Dfo/vf£tf—MP,r$^(Dtf 

«:?c*fc&&ti£*©#$j8 0~1 0 0 um&Qhfr-gteS 0 /imJ^TttSiltHJ; 
oT, (^f *"J«^O||0M^§^llt§ ^ t^T^^. mz, BG 
AtCS P ©te/utf£#-;Hf y^i>m< fco It K> , te^fc^-;W$/^/h£ < fc 0 

te±fc»lft-rS3>hn— ;i/rLny Mcfe^Tte, BGAS&tacs P©JS«as 
1 mm~ 1 0 mmStt SX^-^-^SKtf 5«k5 1 UTViS. BGASfdi 
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— mz. \z/vtz#-)itgmmifo%:m$k-r2>fetbiz\z, itii7>^-7>fjwt 
^< F^^b^r^o ^-cit, bga^^^cs p^^ms^^^-r^ 

mm~ 1 Omm$ft?)XJV-*-;^tlt?)J;^tlTl/^. 

bTB GA^CS P ^S^±fc^mt-^>3 > H n-;HL~ y MC&V^T, 3*/7 

^fe«c s p <D}t/vrc^-)im(Dm.mhmm^mt^ z. t \z & x> . \*/utztf- 
)i&immifr&m&-?z>z\ttfx&%o g.rc, #&nfe3>hn-;va.n^ ht&tk 
i&Uh&Qttvr&Momm&ti'tzmm.-z&Q. ^(zmmmz-s 5t~i5o 
x:<Dmmmumz^x 1 2 0 oiM^wyjt, 8 stcs 5%cDiifiiifi^[; 

7xtj:mm-v&z>o hi. m2 tra— t^i — g&#£5*bTv>5. 

g|8A{^tj;5l:, ^7^fiMl7 0'C 1 5ppm/t© 
#Cl4«rWt-§ 1 0 0X7 0 mm© 4 JIW1B£« 1 AOfrI±(C Sn/Ag/Cu 

HI8 B^-Tck^tc, tttmtiUAfc, Fy^mm, ±7*yi?n> 
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^pi]>if3--^BGA/i^^-> ? i 1 nv—¥-m>fcnv'r—-J 1 6 

•rs. 

7JV5^Al^()l$10 0/im) 2 O^tf tJ:D§^$nTV^„ 
8§Ul^g^2&l 2 p pm/t, #14^2 OGP a, ^7XfeifiSl2 5 

# 3 0 k g/cm 2 Kl:fe^T9 O^MTjsfcJBfcfr 5. 
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* ~> y jirnm ©*B*nr % m izm^i$& a x.z*n^m &m it-r % t^omm^ 
ft t mmmm^. s# & ^ t ^ & tz. ® , y ? x ^ y ^ ^— ;w h *ft iit F<g 

Tl 2 0 01M Z)l£K± y 8 5*0 8 5 % <DnmMMM.!lfc\Z£>^T 2 0 0 OBfUSm 
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i. &mm&mm=P4tirr&n*# *(6)t, (3a,3b, 4) ^s^nfcta 

(DtStU 1MB 3 * * * t Mf2^1S £ #t& JR U - F (7) \Z £ 0 $fft $ tl 
^ a. -;Ugg fC & i T , 

(A) ffiffin*^<6)©afefc£©gM*iSflJ£, itTfB^JKU - H (7) MIB« 
^ «ffi(3A, 3B, 4) £ ra-©«Wfttt»IB(9) fcJ^TifrjtU 

(B) MSB^>fbtt1tJ!t(9)«, «<tffi©^aB#4 Ot:&T©ffi£te43V>T@JB 

(C) WIB«^ft**tjJ:^*««fl5tt«|&(9)flDff$j&t, HGfB*^p a B (3A,3 

b, 4) $ c T^b*r & J; a jcj^^c $ nx ^ § c t 1 1 & * & =>. —)v 

St. 

«UIB3S«# ; 8 ~ 2 5 p pm/t, 
; 8~30GPa, 

X7 7s$R&M.m ; 8 o~2 0 <m 

5. W^JHllBftO^^o,— ;i/S*fc*ViT» 
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WCm^HKftj&t, #-M'J7h7W (BGA) (ll)Sfctt^yyx^r-;U 
n^-i^ (CSP) (13)£^tm j PSBi&T&D> 
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